INTRODUCTION
It is now widely recognized that silicon nitride is limited in its high temperature refractoriness due to amorphous phases formed at the grain boundaries as a result of processing with sintering aids (various oxides, e.g., A1 2 0 3 , MgO, Y 2 0 3 , etc.). 1 The use of electron microscopy and microanalysis has been significant in verifying directly the morphology and composition in certain cases, especially MgO and A1 2 0 3 fluxed silicon nitride (see . Clearly, the amorphous phase must be eliminated or made more refractory if the potential of these ceramics is to be fully realized. This is one reason that Y 2 0 3 is an attractive sinteringaid, but even in this case, amorphous phases have been found 5 although very little electron microscopy and microanalysis has been done on Y 2 0 3 fluxed material.
The research of Tsuge, et al .10,11 on hot pressed silicon nitride fluxed with yttria and alumina, suggested that crystallization of the amorphous phase had occurred resulting in the retention of a high frac~ tion of the room temperature flexural strength at temperatw"es above 800°C.
Since it is of interest to characterize these materials more closely in an attempt to establish whether they were amorphous phase-free, the present investigation was undertaken utilizing electron microscopy and microanalysis following procedures reported for characterizing other "1"
"t"d 2-9 Sl 1con n1 r1 es. Electron microscopy specimens were prepared in the usual way with final thinnfng being accomplished by ion milling in 6 kV argon ions at an incidence angle of 25°. Specimens were examined in a Phillips EM 400 electron microscope fitted with EDX (Kevex system) and an energy loss spectrometer. High resolution imaging was done in a Siemens 102 Microscope. In situ hot stage experiments were done on the 3 MeV electron microscope at Osaka University, Japan.
The Cliff-Lorimer method (e.g., Reference 12) was used to obtain quantitative spectroscopic analyses from the X-ray data. Yttrium aluminum garnet (YAG) and anorthite glass were used for standards and calibration. All data for quantitative analysis were obtained with the specimen tilted 30° towards the detector. Data were acquired in the multichannel analyser set at the 20 kV range. In order to separate the peaks due to Si K (1.74 kV) and Y L (1.92-2.07 kV), it was assumed that that YK/Y L peak intensity ratio is constant. This ratio was measured using the YAG crystal, and from which the Y L peak could be subtracted Yttrium rich phases are readily identifiable in conventional bright field images because of their greater electron absorption 5 and as a consequence, these phases appear darker on the imaging screen. Unlike the 6 1 grains, the yttrium rich ph~ses had no strong morphological characteristics, but did appear to wet the grains at the multigrain junctions where they were found. Some of these regions appeared to be as large as 0.5~ ( Figure 2 ).
Once an yttrfum rich phase could be identified in bright field imaging, selected area diffraction was used to obtain interplanar "d ll spacings. The specimen was tilted to a condition in which prism plane reflections (lOiO) of 6 1 and the yttrium rich phases could be discerned so that the 6 1 reflections could be used as a reference to determine the dspacings of the yttrium phase. The yttrium rich phase was found to con- The second phase in this material could also be easily identified because of the lack of electron transparency of this phase at multigrain junctions. While the distribution of the BI grains appeared to minimize the size of multigrain junctions, those junctions large enough for analysis were examined by both microdiffraction and dark field imaging using the diffuse scattered electrons to confirm that these 6-8 junctions contained an amorphous phase. *Video recording allowed these changes to be followed dynamically. A video tape is available.
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foil after these experiments, as the specimen literally falls apart after removal from the hot stage, and the lack of tilting facilities did not allow in situ analyses to be performed.
Qualitatively, however, these in situ experiments confirm the well known idea that the weakness at high temperatures of Si3N4 is due to the presence of the intergranular amorphous phase.
SUMMARY
The present investigation has resulted in the characterization of Summary of Chemical Analysis of Second Phases.
